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(57) ABSTRACT 
A device for locating an object behind a wall lining includes 
a housing having a front portion adapted to fit Substantially 
in the palm of a users hand. Operating Switches are located 
in juxtaposition the grip portion So as to be operable by the 
user without Substantially altering a grip on the housing. The 
device also includes a Sensor comprising a first capacitor 
plate and a pair of Second capacitor plates. The capacitor 
plates are arranged vertically, and calibrated by a Pulse 
Width Modulator and integrator. Operating electronics are 
incorporated into an Application Specific Integrated Circuit. 
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APPARATUS AND METHOD FOR LOCATING 
OBJECTS BEHIND A WALL LINING 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates to apparatus for locating 
objects behind a wall lining, and in particular wall framing 
Such as Studs. Such apparatus are commonly known as Stud 
detectors. Such devices have also been developed to detect 
other objects within wall, ceiling and floor Structures Such 
and AC wiring and metal pipes and rods. The invention also 
relates to a method for locating objects behind a wall lining. 
0003 2. Description of Prior Art 
0004 Wooden stud detectors are well known and rely on 
detecting changes in dielectric constants in capacitive Sen 
Sors. Stud detectors are typically used by tradesmen to detect 
wall framing, Such as Studs or beams, that are hidden from 
View behind plaster or other wall coverings, by moving the 
detector acroSS and closely adjacent a wall covering. A 
portable stud locating device is described in U.S. Pat. No. 
4,099,118. 
0005 Known devices operate by detecting a change, or 
imbalance, in a capacitive Sensor element which results from 
the presence of a Stud, or other wooden object, behind the 
wall covering. A number of other factors can affect the 
capacitive Sensor and thus the unit must be calibrated before 
each use. Factors that affect the capacitive Sensor include the 
thickness of the wall covering and the presence of the 
operator's hand on the device. 
0006. In the device described in U.S. Pat. No. 4,099,118 
calibration is implemented by charging a capacitor of high 
input impedance. However, capacitors do not maintain their 
charge indefinitely and charge leakage causes a loSS of 
calibration. To ameliorate this known Stud detectors use 
comparatively expensive capacitors with a very low charge 
leakage. Even with an expensive low leakage capacitor 
extended use of the device leads to deviation of performance 
due to changes in calibration. 
0007 Furthermore, it can take several seconds to charge 
the capacitor to calibrate the device and there is a need for 
an improved calibration circuit to reduce the calibration time 
and thus improve the user-friendliness of Such devices. 
0008 Another problem is that these devices need be easy 
to hold and use as any movement of the operator's hand will 
affect the calibration of the device. 

0009. It is often desirable to detect objects in difficult 
locations Such as behind ceiling coverings, at the edges and 
corners of walls and behind objects in a room. This means 
that the device will possibly be held in a variety of orien 
tations and moved in a variety of patterns during operation. 
The user may not have a direct line of Sight to the indicators 
on the device and thus and is desirable to have indicators 
which are quickly and readily discernible. 

SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
device and method for detecting objects behind a wall lining 
which meets the above-mentioned needs, or overcomes or at 
least ameliorates disadvantages with known devices. 
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0011. It is also an object of the present invention to 
provide a device that detects the presence of objects Such 
and AC wiring and metal pipes within wall, ceiling or floor 
StructureS. 

0012. It is a further object of the present invention to 
provide a Selection method for detection of objects Such as 
AC wiring and metal pipes within wall, ceiling or floor 
StructureS. 

0013. It is yet a further object of the present invention to 
provide a means for allowing a user to optimise the detection 
sensitivity of a device for different wall thicknesses. 
0014. According to a first aspect of the invention there is 
provided a device for locating an object behind a wall lining 
including: 

0015 a housing having a front portion and a grip 
portion to fit the palm of a user's hand, 

0016 a sensor for sensing an object behind a wall 
lining and providing an output signal representative 
of the proximity of the object to the device, 

0017 a display on the front portion for indicating 
the location of the object, 

0018 a controller positioned in the housing for 
receiving the output Signal and providing an indica 
tion of the object location on the display, and 

0019 one or more switches positioned adjacent the 
grip portion for allowing operation of said switches 
by the user without Substantially altering a grip on 
the housing. 

0020 Preferably, the Switches are positioned near an 
edge of the housing for operation by a thumb or index-finger 
of the user. 

0021 Preferably, the Switches include an on-off push 
button and a Sensitivity push-button. 
0022 Preferably, a sensitivity indicator and an on-off 
indicator are positioned on the front portion and wherein the 
detection indicator, Sensitivity indicator, and operation indi 
cator are color diverse. 

0023. According to a second aspect of the invention there 
is provided a device for locating an object behind a wall 
lining including: 

0024 a sensor comprising a first capacitor having a 
first capacitance, and a pair of Second capacitors 
having a Second capacitance and positioned on oppo 
Site Sides of the first capacitor, 

0025 a detection circuit coupled to the sensor for 
providing a signal proportional to an imbalance 
between the first and Second capacitances, 

0026 a display for indicating the location of an 
object behind a wall lining, 

0027 a controller for receiving the signal and pro 
Viding an indication of the object location on the 
display, and 

0028 a pulse train and an integrator for providing a 
calibration Voltage to the Sensor. 
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0029 Preferably, the device includes a Pulse Width 
Modulator for generating the pulse train, and wherein a duty 
cycle of the Pulse Width Modulator is controlled by the 
micro-controller. 

0030 Preferably, the sensor includes at least two resistors 
in electrical communication with the first capacitor and pair 
of Second capacitor to provide two resistor-capacitor net 
Works, and wherein an output of the integrator biases the two 
resistor-capacitor networks. 

0.031 Preferably, the detection circuit, controller, Pulse 
Width Modulator and integrator are formed in an Integrated 
Circuit. 

0032. According to a third aspect of the invention there is 
provided a device for locating an object behind a wall lining 
including: 

0033 a Sensor comprising a first capacitor having a 
first capacitance, and a pair of Second capacitors 
having a Second capacitance and positioned on oppo 
Site Sides of the first capacitor, 

0034) a detection circuit having an amplifier and 
coupled to the Sensor for providing a Signal propor 
tional to an imbalance between the first and Second 
capacitances, 

0035 a display for indicating the location of an 
object behind a wall lining, and 

0036 a controller for receiving the Signal and pro 
Viding an indication of the object location on the 
display, and 

0037 a Switch for selecting again for the amplifier. 

0.038 According to a forth aspect of the invention there 
is provided a device for locating an object behind a wall 
lining including: 

0039 a sensor comprising a first capacitor having a 
first capacitance, and a pair of Second capacitors 
having a Second capacitance and positioned on oppo 
Site Sides of the first capacitor, 

0040 a detection circuit coupled to the sensor for 
providing a signal proportional to an imbalance 
between the first and Second capacitances, 

0041 a comparator for comparing the signal to a 
reference Signal and providing an output, 

0042 a display for indicating the location of an 
object behind a wall lining, 

0043 a controller for receiving the output and pro 
Viding an indication of the object location on the 
display, 

0044) a user selection means for selecting the refer 
ence signal for the comparator. 

0.045 Preferably, the user selection means is a push 
button. 

0.046 Preferably, the detection circuit includes an ampli 
fier having a gain, and the device further includes a Second 
user Selection means for Selecting the gain for the amplifier. 
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0047 According to a fifth aspect of the invention there is 
provided a method of detecting objects behind a wall lining 
including: 

0048 providing a sensor including at least two resis 
tors, a first capacitor and a pair of Second capacitors 
in electrical communication to provide two resistor 
capacitor networks, the two resistor-capacitor net 
Works having resistor-capacitor time constants, 

0049 providing a pulse train having a duty cycle, 
and an integrator for applying a Voltage to the two 
resistor-capacitor networks, 

0050 providing a detection circuit and controller for 
detecting an imbalance in the resistor-capacitor time 
constants, and 

0051 sensing an imbalance in the resistor-capacitor 
time constants and manipulating the duty cycle to 
ameliorate the imbalance. 

0052 Preferably, the device further includes sensing a 
Second imbalance in the resistor-capacitor time constants 
caused by an object behind a wall lining and displaying a 
Signal proportional to the Second imbalance. 
0053 Preferably, the pulse train is provided by a Pulse 
Width Modulator, and wherein the integrator is connected to 
the output of the Pulse Width Modulator. 
0054 According to a sixth aspect of the invention there 
is provided a device for locating an object behind a wall 
lining including: 

0055 a sensor including a first capacitor and a pair 
of Second capacitors to provide a first and a Second 
capacitance, the Sensor operable to change the first 
and Second capacitances when proximate an object 
behind a wall lining; 

0056 a detector circuit for detecting an imbalance 
between the first and Second capacitance and pro 
Viding an output, 

0057 a display for indicating the location of the 
object, 

0058 a controller for receiving the output and pro 
Viding an indication of the object location on the 
display, and wherein 

0059 the pair of second capacitors are in electri 
cal communication and positioned So that in use 
the pair of Second capacitors are above and below 
the first capacitor. 

0060 Preferably, the first capacitor plate and the pair of 
Second capacitor plates are formed on a Printed Circuit 
Board. 

0061 According to a seventh aspect of the invention 
there is provided a device for locating an object behind a 
wall lining including: 

0062) a Sensor comprising a first capacitor having a 
first capacitance and a pair of Second capacitors 
having a Second capacitance, the pair of Second 
capacitors being positioned on opposite Sides of the 
first capacitor, 
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0063 a detector for providing a signal proportional 
to an imbalance between the first and Second capaci 
tanceS, 

0.064 
0065 a comparator for comparing the signal to the 
reference and providing an output, 

0.066) 
object, 

0067 a controller for receiving the output and pro 
Viding an indication of the object location on the 
display, and 

0068 an input device for allowing a user to vary the 
reference between two or more values. 

a reference circuit for providing a reference, 

a display for indicating the location of the 

0069 Preferably, the values are optimised for two or 
more wall lining thicknesses Selected from /3, 5/8, 34, 1, 1/4 
and 1% inches. 

0070 Preferably, the reference circuit comprises a volt 
age divider having a plurality of resister elements connect 
able in parallel, the input device causing difference ones of 
the resister elements to be connected in parallel. 
0071 According to an eight aspect, of the invention there 
is provided a device for locating an object behind a wall 
lining including: 

0072) 
0.073 a pair of second capacitors having a second 
capacitance, the pair of capacitors being positioned 
on opposite sides of the first capacitor, 

0074 a first detection circuit coupled to the capaci 
tors for providing a first Signal proportional to an 
imbalance between the first and Second capacitances, 

0075 a second detection circuit coupled to the 
capacitors for providing a Second Signal proportional 
to a alternating Signal induced in the capacitors, 

0076 a display for indicating the location of the 
object, and 

0077 a controller for receiving the first or second 
Signals and providing an indication of the object 
location on the display. 

a first capacitor having a first capacitance, 

0078 Preferably, the device further includes selection 
means for indicating to the controller which detection circuit 
is in use and to output to the display. 
0079 Preferably, the device further includes a ferrite core 
with at least two windings and a third detection circuit 
coupled to one of the windings for detecting a change in 
Voltage of the windings, and Selection means for indicating 
to the controller which detection circuit is in use and to 
output to the display. The Selection mean can be a push 
button Switch operable by a user. 
0080 Preferably, the selection means is a first push 
button operable by a user for selection between the first and 
Second detection circuits and a Second push button operable 
by the user for selection of the third detection circuit. 
0.081 Alternatively, the selection means is a first push 
button operable by a user for selection between the first and 
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third detection circuits and a Second push button operable by 
the user for Selection of the Second detection circuit. 

0082 Preferably, the third detection circuit includes 
means for allowing current flow in two directions through 
the windings. The means for allowing current flow in two 
directions through the windings may include a diode and 
transistor. Alternatively, it includes back-to-back transistors. 
0083. According to an ninth aspect of the invention there 
is provided a device for locating an object behind a wall 
lining including: 

0084) 
0085 a pair of second capacitors having a second 
capacitance, the pair of capacitors being positioned 
on opposite sides of the first capacitor, 

0086) 
0087 a first detection circuit coupled to the capaci 
tors for providing a first Signal proportional to an 
imbalance between the first and Second capacitances, 

0088 a second detection circuit coupled to one of 
the windings for detecting a change in Voltage of the 
windings, 

0089 a display for indicating the location of the 
object, and 

0090 a controller for receiving the first or second 
Signals and providing an indication of the object 
location on the display. 

a first capacitor having a first capacitance, 

a ferrite core with at least two windings, 

0091. Further aspects of the invention will become appar 
ent from the following description, which is given by way of 
example only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0092. The invention will now be described by way of 
example only, and with reference to the accompanying 
drawings in which: 
0093 FIG. 1 illustrates a front view of a device accord 
ing to the invention, 
0094) 
0.095 FIG. 3 illustrates electronic circuitry for the 
device, 
0096) 
0097 FIG. 5 is a first example of a sensor element for 
detecting objects behind a Surface material applied to wall or 
ceiling framing, 

0098 FIG. 6 is a second example of a sensor element for 
detecting objects behind a Surface material applied to wall or 
ceiling framing, 

0099 FIG. 7 illustrates use of the device to detect wall 
framing behind a Surface material applied to it, 

FIG. 2 illustrates a side view of the device, 

FIG. 4 illustrates operating steps of the device, 

0100 FIG. 8 illustrates a detection circuit for alternating 
current wiring, 
0101 FIG. 9 is a schematic of signal conditioning of the 
detector circuit in FIG. 8. 

0102 FIG. 10 illustrates a detection circuit for metal 
objects in a concrete or block wall, 
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0103 FIG. 11 illustrates a circuit diagram for a embodi 
ment for detecting objects behind drywall, AC wiring and 
metal objects within concrete and block Structures. 
0104 FIG. 12 is an alternative embodiment of a device 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0105 Referring to FIGS. 1 and 2, a device for detecting 
objects behind a wall lining includes a housing 1 formed 
from front and rear housing elements 4, 5 that clip or Secure 
together at an equator to enclose operating circuitry. The 
front element 4 includes a display area 2 and the back 
element 5 includes a detection face 3 that is placed against 
a wall covering. The housing 1 also includes a grip portion 
6 that fits Snugly and comfortably into the palm of a user's 
hand (not shown). 
0106 Proximate the grip portion 6 are operating controls 
which are located So they can be manipulated by the user's 
fingers or thumb without Substantially altering or moving the 
grip on the device. A push button on-off operating Switch 7 
is located on the Side of the housing proximate the grip 
portion 6 so that it can be operated by the thumb or 
index-finger of the user, depending upon which hand-left or 
right, the device is held in. A Sensitivity push button Switch 
8 is located on the edge of front element 4 just above the grip 
portion 6 so that it can be operated by the user without 
altering the grip on the device. In use, the Sensitivity push 
button switch 8 is depressed briefly while operating the 
on-off operating Switch 7 to change the Sensitivity of the 
device. 

0107 The location of the push button operating Switches 
7, 8 near the grip 6 allows the user to operate the device 
without Substantially altering or moving his or her grip on 
the device. Because the user does not need to alter his or her 
grip position in order to operate Switches 7, 8 the user can 
work the device without causing loSS of calibration due to 
hand movements. 

0108 Located on a display 2 of housing 1 is an indicator 
for alerting the user when the device detects an object behind 
a wall lining. In the preferred embodiment the indicator 
comprises seven light emitting diodes (LEDs) 9. Also on 
display 2, below the indicator LEDs 9, is an operation 
(power on) LED 10. A sensitivity (mode) LED 11 is pro 
Vided on the front housing element 4 next to the display 2. 
So as to make the display 2 easily discernible to the user the 
LEDs are different and distinctive colors. In the preferred 
embodiment the indicator LEDs 9 are red, the operation 
LED 10 is green and the sensitivity LED 11 is yellow, or 
orange. The user can quickly and easily distinguish the red 
indicator LEDs 9 from other LEDs on the display 2 of 
housing 1 at a glance when the device is orientated at various 
angles on a wall or ceiling. 

0109. In operation a first red indicator LED 9 illuminates 
to indicate the presence of an object behind the wall lining. 
AS the distance between the object and the device decreases, 
i.e. the device moves closer to the object, further red 
indicator LEDs 9 illuminated progressively. All seven red 
indicator LEDs 9 illuminate when the device moves over a 
first edge of the object behind the wall lining. The device 
also has a buzzer 26 to provide an audible alert. The buzzer 
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Sounds when all seven indicators LEDs 9 are illuminated. As 
the object is moved over the object all LEDs 9 and the 
buZZer remain on. AS the object passes the Second edge of 
the object the buzzer stops, and the seven LEDs 9 progres 
Sively turn off to indicate that the device is moving away 
from the object. 

0110. In a first alternative embodiment the seven indica 
tor LEDs 9 are different and distinctive colors So that the 
user can read the distance to the object at a glance. For 
example the first three LEDs 9 are red, the second three 
LEDs 9 are yellow/orange, and the seventh LEDs 9 is green. 
One or more red LEDs 9 indicate that an object has been 
detected. 

0111. Three Red and one or more orange LEDs 9 indicate 
that the devise has moved closer to the object. The green 
LED 9 indicates that the device is over the edge of the object 
behind the wall lining. In another embodiment there are only 
three LEDs 9. They are different colors, i.e. red, yellow/ 
orange, and green and illuminate consecutively one at a 
time. A red LED indicate that an object has been detected, 
an orange LED indicates that the device has moved closer to 
the object and a green LED indicates that the device is over 
the edge of the object. Thus the user can determine proX 
imity at a glance by color without the need to focus on the 
number of LEDs 9 that are illuminated. 

0112 In yet further embodiments, as shown in FIG. 12, 
the indicator is a liquid crystal display (LCD). The LCD also 
includes operation and mode indicators. 
0113. The housing 1 also includes a belt clip 13 so that 
the device can be easily carried on a tradesman's tool belt. 
0114 FIG. 3 illustrates a circuit diagram of the electron 
ics of the device. The electronics include a micro-controller 
46, a detector circuit 53, Sensing element 14, and a calibra 
tion circuit 16. A converter 17 provides a power source for 
the electronics from a portable power Source Such as a 
battery (not shown). 
0115 The micro-controller 46 provides overall control of 
the device according to the flow diagram shown in FIG. 4. 
It receives and process detection Signals from detector 
circuit 53, manipulates calibration circuit 16 to provide a DC 
bias Voltage to Sensor element 14 and outputs alert Signals 
via LEDs 9, or LCDs 12 as the case may be, and buzzer 26. 
Micro-controller 46 also manipulates four comparator ref 
erence resistors 38, 39, 40, 41 as will be described later. 

0116. A drywall sensor element 14 is used to detect wood 
and metal object, Such as wall framing, behind a sheet of 
Surface material applied to the framing. The Sensor element 
includes a first capacitor plate 48, a pair of electrically 
connected second capacitor plates 49, 49', two fixed resistors 
15, 18, and a variable (calibration) resistor 19. The capacitor 
plates 48, 49, 49' are formed on a PCB which is arranged so 
as to be in juxtaposition detection face 3 in the assembled 
device. 

0117 FIG. 5 illustrates a first drywall sensor element in 
which the pair of capacitor plates 49, 49' are electrically 
connected and arranged one either Side of the first capacitor 
plate 48. This defines two capacitors. The first capacitor 
plate 48 defines a first capacitor, and the pair of capacitor 
plates 49, 49' define a second capacitor. The capacitance of 
the first and Second capacitors varies due to Stray capaci 
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tance contributed to by the dielectric constant of nearby 
objects. The difference in change of capacitance of the two 
capacitorS is processed to determine the location of the 
object behind the wall surface material. The device operates 
by detecting an imbalance in the capacitance of the two 
capacitors as the device comes into proximity with an object 
behind the wall Surface. The capacitor plate arrangement 
shown in FIG. 5 is sufficient for detecting objects behind the 
standard wall lining thickness available in the United States 
of /2-inch, 5/8-inch and %-inch. 
0118. The width of the sensing element is confined in 
dimension 'A', shown in FIGS. 5 and 6, by two factors. 
Firstly, by the physical size of the object to be detected. In 
most cases this is wall framing, Such as Studs, which have a 
width of about 1.5 inches. And secondly, by the practical 
width of the device so that it will fit snugly in a user's hand. 
These limitations on the width of the sensing element limit 
sensitivity of the device. 
0119). In a preferred embodiment of the device the stud 
sensor element is rotated 90-degrees as illustrated in FIG. 6. 
The 90 degree rotation results in a substantially vertical 
arrangement of the capacitor plates 48, 49/49' which gives 
better detecting performance through thick wall lining, for 
example more than % inches thick. In the configuration 
shown on FIG. 5 the presence of the pair of capacitor plates 
49/49' within a horizontally narrow width A makes this 
design unable to detect an object through thick all lining, for 
example more than % inches thick. The 90-degree rotated 
sensor element does not have this limitation. The first 
capacitor plate 48 is larger making the balance of the two 
capacitances more Sensitive to the presence of an object 
behind the wall lining So the device can operate Satisfacto 
rily with wall surface thickness of up to one and a half (1%) 
inches thick. 

0120 Referring to FIG.3, the capacitor plates 48, 49/49' 
and resistors 15, 18 constitute two resistor-capacitor (RC) 
circuits at nodes A and B. One RC circuit comprises capaci 
tor plate 48 and resistor 15 and the other comprises capacitor 
plates 49/49' and resistor 18. Variable resistor 19 is used to 
balance the RC circuits during factory calibration. Nodes A 
and B are connected to respective inputs of two monostable 
vibrators 20, 21 of detector circuit 53. The monostable 
vibrators 20, 21 are triggered by the controller 46 and their 
respective outputs change State for a length of time deter 
mined by the time constant of the RC network at the 
respective input. The monostable vibrators 20, 21 convert 
the two RC time constants of the RC circuits into digital 
pulses of varying periods. The digital output pulses of the 
first monostable vibrator 20 and the inverted output of 
second monostable vibrator 21 are fed into the inputs of a 
NOR gate 22. As a result of high-to-low and low-to-high 
transitions of the two pulses, the output of the NOR gate 22 
is Voltage Spikes that vary in height, amplitude, with the 
difference between the RC time constants of the two RC 
circuits. A capacitor 23 at the output of the NOR gate 22 
integrates the Voltage Spikes to give a Voltage level relative 
to the difference between the RC time constant of the two 
RC circuits. The voltage level from capacitor 23 is amplified 
by a non-inverting amplifier 24. The gain of amplifier 24 can 
be adjusted in known manner by two variable resistors 29 
and 129. 

0121 The output of the amplifier 24 is compared with a 
Voltage reference by a comparator 25. The output signal of 
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the comparator 25 is provided to the micro-controller. 
Depending on the output level of comparator 25 the micro 
controller 46 illuminates indicator LEDs 9 for each prox 
imity Stage. A buZZer 26 is turned on when amplifier 24 
output reaches the maximum voltage reference. 
0.122 The reference voltage for comparator 25 is pro 
vided by a voltage divider comprising resistors 144, 44, 38, 
39, 40, and 41. The sensitivity of the device is pre-selected 
via selection means in the form of jumpers 42, 43. The 
JumperS 42, 43 allow the factory or Supplier to pre-configure 
the device to a Sensitivity optimised to the Standard wall 
covering thickness available in the United States. These are 
/2-inch, 5/8-inch and 34-inch. Depending on the combination 
of jumperS 42, 43 made the micro-controller Switches one or 
more of comparator resistors 38, 39, 40, 41 which form a 
voltage divider with resistors 44, 144 to set the reference 
Voltage for comparator 25. In an alternative embodiment a 
push button is provided on the exterior of the device to allow 
the user to optimise the device to the wall thickness before 
end use. 

0123. At power-up the unit self-calibrates by applying a 
DC Bias voltage to input node D of the RC circuits of sensor 
element 14. The calibration circuit comprises a PWM mod 
ule 27 and a capacitor 28 connected to the PWM module 27 
output. The capacitor 28 acts as an integrator by Smoothing, 
or averaging, the output pulses of the PWM module 27. To 
increase the DC bias level the duty cycle of PWM module 
27 is increased. To reduce the DC bias the duty cycle of 
PWM module 27 is decreased. The DC Bias is applied 
through a voltage follower 50. Because the input impedance 
of the voltage follower 50 is very high it isolates the sensing 
element 14 from the PWM module 27 and capacitor 28 
avoiding a “loading effect which might affect the DC bias 
voltage level. The voltage follower 50 is not essential to the 
invention and the integrated output of PWM module 27 can 
be applied directly to the Sensing element 14. The use of a 
PWM module 27 is an improvement over the prior art which 
makes use of a charged capacitor to provide the bias Voltage. 
A charged capacitor suffers from voltage leakage. The PWM 
module 27 eliminates this shortcoming by providing a 
continual charging action for capacitor 28. 
0.124. A factory calibration of the device is achieved by 
way of variable resistors 19 and 29 and 129. These allow 
balancing of the RC time constants to allow for manufac 
turing tolerances in the fixed resistorS 15, 18 and capacitor 
plates 48, 49/49". Initially variable resistor 19 is adjusted to 
match the pulses on the monostable vibrator outputs. Then 
variable resistors 29 and 129 are adjusted to change the 
Sensitivity of the unit under normal and deep read modes by 
altering the gain of amplifier 24. 
0.125 The circuit also includes a Liquid Crystal Display 
(LCD) driver 37 so that the electronics can be used in either 
the embodiment of FIG. 1 or an alternative embodiment 
shown in FIG. 12. The micro-controller outputs display 
signals to the LED 9 connections and LCD driver 37 
Simultaneously and regardless of which display method is 
being used. The desired display is simply connected to the 
appropriate output. 

0.126 Selection means in the form of jumpers 35, 36 
allow display configuration. In alternative embodiments the 
Selection means are micro-Switches, dip-Switches and the 
like. Selection includes four or seven LED indicators in a bar 
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graph or Sequential display. Jumper 35 is used to indicate to 
the micro-controller whether 4 or 7 LEDs are connected. 
Jumper 36 is used to indicate whether the LEDs should be 
illuminated cumulatively in bar graph form as proximity of 
the object increases, or Sequentially one at a time. 
0127. In the preferred embodiment the circuit elements 
within the region defined by frame 52 are incorporated into 
an Application Specific Integrated Circuit (ASIC) 
0128 Basic Operation of the device is illustrated by the 
flow chart in FIG. 4 and by FIG. 7. When the user pushes 
the power-on button 7 the Voltage line is made and power is 
provided to the electronic circuit of FIG. 3. The first step 
(step 30) is for the micro-controller to check if the deep read 
button 18 was pressed at power up. 
0129. If the deep read button was not pressed, on power 
up the power LED 10 illuminates, and one indicator LED 9 
and buzzer 26 are operated to inform the user that the unit 
is not calibrated. 

0130. The two RC times on the sensor element 14 are 
initially different. Device must go through a calibration Step 
31. 

0131) To calibrate the device the bias voltage at node D 
is raised by increasing the duty cycle of the PWM module 
27 to balance the RC time of the sensor (part of plate 49/49). 
When the two RC times match the voltage at node D is kept 
constant So that the output voltage of amplifier 24 is just 
under the minimum reference Voltage Set by the comparator 
25. 

0132) If the two RC times cannot be matched the cali 
bration-step 31 is repeated. Failed calibration may be 
because the wall lining material is too thick or dense. The 
user should move the device to a new location on the wall 
Surface. 

0133) If calibration is successful the one indicator LED 9 
and buZZer 26 are turned off, indicating Successful calibra 
tion to the user and readying the unit for detection (step 32). 
0134. Deep read button 8 provides a second selection 
means allowing the user to alter the Sensitivity of the 
comparator circuit 53. If the deep read button 8 is pressed at 
power-up operation branches to deep read set-up (step 33). 
The sensitivity LED 11 illuminates to indicate deep read 
mode. During deep read calibration the microcontroller 
grounds node E (FIG. 3) to increase the gain of amplifier 24 
and thus increase the Sensitivity of the device. The remain 
ing calibration procedure is the same as for the normal mode 
(step 31). Increased sensitivity allows the device to detect 
objects through a greater thickness wall lining. 
0135 Referring to FIG. 7, the device is placed against a 
wall with the detection face 3 flat against the wall surface. 
The device is moved over the wall Surface 45 as illustrated 
by arrow M. The proximity of a object, such as a stud 47, 
behind the wall material changes the Stray capacitance of 
capacitors 48, 49/49' resulting in a variation of RC times at 
the two Sensor nodes A and B. The variation in capacitance 
is related to the output voltage of amplifier 24. AS the device 
moves closer to the object the variation in RC times increase 
and indicator LEDs 9 will light up successively. When the 
device reaches an edge 51 of the stud 47 the top comparator 
output is reached and all LEDs 9 are illuminated and the 
buzzer 26 will Sound. 
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0.136 The above description relates specifically to detec 
tion of objects, Such as wall framing, behind drywall i.e. 
where a Surface material is applied to wall framing using dry 
construction methods. The Sensor elements illustrated in 
FIGS. 5 and 6 will detect wood, metal and other materials 
behind the wall lining which change the Stray capacitance of 
the capacitor plates 48, 49/49". 

0.137 There is also a need to detect electric wiring behind 
wall lining as well as metal reinforcing bars (commonly call 
rebar) and pipes installed in concrete and block walls and 
other structures. Embodiments of the invention may have 
circuits for detecting wires carrying alternating current (AC) 
and or metal objects installed in concrete or block Structures. 
0.138. In the USA the domestic electricity supply is 110 
volts at 60 hertz (Hz). Referring to FIGS. 8 and 9, in an AC 
detection circuit the central capacitor plate 48 (used in wood 
detection) is also used for detecting AC live wires. The input 
of monostable 21 is connected to capacitor plate 48. The 
non-inverted output of the monostable 21 is used for AC 
wire detection (the inverted output is connected to the NOR 
gate 22 for drywall detection). When the capacitor plate 48 
is proximate wiring carrying AC the pulse train Signal from 
non-inverted output of the monostable 21 contains a 60 Hz 
jitter in its pulse width. The non-inverted output is connected 
to an integrator 101 to transform the pulse width jitter into 
a modulation in voltage magnitude 102. The integrator 101 
output is filtered and amplified by a low pass filter (LPF) 103 
to extract the 60 Hz signal component 104. The 60 Hz signal 
104 is rectified by a diode 105 and smoothed by a filter 106 
to produce a voltage signal 107. Voltage level 107 is 
compared to a reference voltage 108 by comparator 109. A 
voltage level change in the output of comparator 109 indi 
cates the presence of AC carrying wires. 

0.139. The circuit described above can also be used to 
detect AC wires in a 250 volt 50 Hz system. The circuit is 
modified by the addition of a resistor 110 in parallel with the 
capacitor of integrator 101 to reduce the detection Sensitiv 
ity. 

0140. A magnetic field is generated by a current flowing 
in a conductor. Through electromagnetic induction eddy 
currents are induced in proximate metals objects. This 
reduces magnetic field Strength. A metal detection circuit for 
concrete and block Structures detects a change in magnetic 
field Strength caused by the presence of metallic objects 
installed in the structure. Referring to FIG. 12, a detection 
circuit for metal objects in a concrete and block Structures 
includes a ferrite Sensor element 132, an oscillator 121, a 
rectifying integrator 122, a comparator 123 and a calibration 
circuit 124. 

0.141. The ferrite sensor element 132 comprises a ferrite 
rod 125 with first and second coils 126, 127 wound side by 
side on the rod 125. The oscillator 121 produces an alter 
nating magnetic field in the ferrite rod 125. A capacitor 128 
is connected acroSS the first coil 126 and forms an inductor 
capacitor (LC) parallel resonant tank that determines the 
oscillating frequency of the magnetic field. 

0142. The second coil 127 serves two functions. Firstly, 
it provides feedback to the OScillator, and Secondly it is 
connected to transistor 130 via a resistor 137 to provide the 
output to the ferrite sensor 132. The output from transistor 
130 is compared to a reference voltage 128 by comparator 
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123 to determine the presence of metal objects in the 
proximity of the ferrite sensor 132. A diode 134 is connected 
acroSS the Second coil 127 in opposite polarity to transistor 
130. Diode 134 allows current flow in both directions 
through second coil 127 and this reduces voltage drift 
against time of the transistor output and improves the 
performance of detection. 
0143. The stability of the transistor output after calibra 
tion is an important criterion for maximum Sensitivity of 
detection. Positive Voltage drift causes a loSS of Sensitivity 
and negative Voltage drifts causes false detection. Both 
positive and negative drift are observed in known metal 
detection circuits using a ferrite core. 
0144. The sensing circuit must be calibrated to compen 
Sate for environmental factors, Such as temperature and Stray 
magnetic fields, before operation. Calibration is achieved by 
adjusting the DC bias Voltage applied to the base of Junction 
Field Effect Transistor (JFET) 135. The calibration circuit 
124 comprises a Voltage divider network with a polarity of 
parallel resistors connected to the controller 46. The con 
troller 46 adjusts the DC bias of JFET 135 by switching 
combinations of the polarity of parallel resistors to change 
the ratio, and hence output voltage, of the Voltage divider 
network. The circuit is calibrated when the output of tran 
sistor 130 is just higher than the voltage reference 128. 
0145 If there is no metal in the proximity of sensing 
element 132 during calibration the sensitivity of the circuit 
is at a maximum. A decrease in the transistor 130 output 
voltage indicates a change in position of metallic object 
relative to the ferrite sensor 132. 

0146 The amplitude of oscillations in secondary winding 
127 is directly related to the transformer magnetic field 
Strength. When a metal object gets closer to Sensor element 
132 eddy currents are induced, or increase, in the metal 
object. This weakens the magnetic field reducing the ampli 
tude of oscillations in secondary winding 127. The base and 
collector currents of transistor 130 reduce reducing the 
Voltage acroSS collector resistor 131. The Voltage acroSS 
collector resistor 131 is input to the comparator 123. 
0147 A fixed reference voltage 128 applied to the input 
of the comparator 123 provides fixed sensitivity for metal 
detection. This is adequate in Some applications, but apply 
ing different Voltage references to the comparator 123 results 
in different Sensitivities, and therefore a gradual change in 
the rectifier 122 output can be monitored with a more 
illustrative user interface showing progression or closeness, 
as the detector approaches the metal object. The reference 
Voltage can be adjusted using a Voltage divide arrangement 
(not shown). 
0148 FIG. 11 illustrates a circuit diagram for a device for 
detecting objects behind drywall, AC wiring and metal 
objects within concrete and block structures. The circuit of 
FIG. 11 combines the three circuits of FIGS. 3, 8 and 10. In 
the preferred embodiment the circuit elements within the 
region defined by frame 136 are incorporated into an Appli 
cation Specific Integrated Circuit (ASIC). The use of an 
ASIC reduces unit cost and size. 

0149. In the concrete/block detection circuit of FIG. 11 
the output of Secondary coil 127 is connected to back-to 
back transistors 130, 130'. The second transistor 130' 
replaces diode 134 to allow bi-directional current flow 
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through the second coil 127 to reduce voltage drift. The 
Second transistor is better at minimizing Voltage drift than 
diode 134 on account of its identical structure to transistor 
130. 

0150 FIG. 12 illustrates an alternative embodiment of 
the invention. Like reference numerals represent like feature 
from FIGS. 1 and 2. The indicator LEDs are replaced with 
a Liquid Crystal Display (LCD) as mentioned earlier in the 
description. The alternative embodiment also includes the 
addition of extra user buttons 140 and 141. The sensitivity 
push button 8 is replaced by a multi-function mode push 
button 142. 

0151. A mode button 142 on front panel 5 duplicates the 
function of deep readbutton 8 as well as providing Selection 
of the different detection modes for drywall and objects 
within concrete/block Structures. By pressing the mode 
button 142 consecutively the user can select between dry 
wall detection, block/concrete detection, deep read for dry 
wall, and deep read for concrete/block. Button 141 on front 
portion 5 is provided to select AC wire detection. 
0152 A Switch 140 allows the user to configure the 
device to a Sensitivity optimised to a particular wall covering 
thickness. The Switch 140 performs the same function as 
jumpers 42, 43 discussed earlier in the description. When the 
device is Set for normal drywall detection the user can Select 
between /2-inch, 5/8-inch and 34-inch wall thicknesses by 
consecutive presses of Switch 140. If deep read for drywall 
is Selected by pressing mode button 142 the user can Select 
between three thicker wall linings of 1-inch, /3-inch and 
1%-inches. Deep read mode can be selected for AC detection 
in the same manner. 

0153. By allowing the user to optimise the detection 
sensitivity for different wall thicknesses higher detection 
resolution over a greater length of wall thicknesses is 
achievable and thus the device is more useful to the end user. 

0154 Where in the foregoing description reference has 
been made to integers or elements having known equivalents 
then such are included as if individually set forth herein. 
0155 Embodiments of the invention have been 
described, however it is understood that variations, improve 
ments or modifications can take place without departure 
from the Spirit or Scope of the invention. 

What is claimed is: 
1. A device for locating an object behind a wall lining 

including: 
a housing having a front portion and a grip portion to fit 

the palm of a users hand, 
a Sensor for Sensing an object behind a wall lining and 

providing an output Signal representative of the proX 
imity of the object to the device, 

a display on the front portion for indicating the location of 
the object, 

a controller positioned in the housing for receiving the 
output signal and providing an indication of the object 
location on the display, and 

one or more Switches positioned adjacent the grip portion 
for allowing operation of Said Switches by the user 
without Substantially altering a grip on the housing. 
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2. The device of claim 1 wherein the Switches are posi 
tioned near an edge of the housing for operation by a thumb 
or index-finger of the user. 

3. The device of claim 1 wherein the Switches include an 
on-off push-button and a Sensitivity push-button. 

4. The device of claim 1 wherein a sensitivity indicator 
and an on-off indicator are positioned on the front portion 
and wherein the detection indicator, Sensitivity indicator, 
and operation indicator are color diverse. 

5. A device for locating an object behind a wall lining 
including: 

a Sensor comprising a first capacitor having a first capaci 
tance, and a pair of Second capacitors having a Second 
capacitance and positioned on opposite Sides of the first 
capacitor, 

a detection circuit coupled to the Sensor for providing a 
Signal proportional to an imbalance between the first 
and Second capacitances, 

a display for indicating the location of an object behind a 
wall lining, 

a controller for receiving the Signal and providing an 
indication of the object location on the display, and 

a pulse train and an integrator for providing a calibration 
Voltage to the Sensor. 

6. The device of claim 5 including a Pulse Width Modu 
lator for generating the pulse train, and wherein a duty cycle 
of the Pulse Width Modulator is controlled by the micro 
controller. 

7. The device of claim 5 wherein the sensor includes at 
least two resistors in electrical communication with the first 
capacitor and pair of Second capacitor to provide two 
resistor-capacitor networks, and wherein an output of the 
integrator biases the two resistor-capacitor networks. 

8. The device of claim 5 wherein the detection circuit, 
controller, Pulse Width Modulator and integrator are formed 
in an Integrated Circuit. 

9. A device for locating an object behind a wall lining 
including: 

a Sensor comprising a first capacitor having a first capaci 
tance, and a pair of Second capacitors having a Second 
capacitance and positioned on opposite Sides of the first 
capacitor, 

a detection circuit having an amplifier and coupled to the 
Sensor for providing a Signal proportional to an imbal 
ance between the first and Second capacitances, 

a display for indicating the location of an object behind a 
wall lining, and 

a controller for receiving the Signal and providing an 
indication of the object location on the display, and 

a Switch for Selecting a gain for the amplifier. 
10. A device for locating an object behind a wall lining 

including: 

a Sensor comprising a first capacitor having a first capaci 
tance, and a pair of Second capacitors having a Second 
capacitance and positioned on opposite Sides of the first 
capacitor, 
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a detection circuit coupled to the Sensor for providing a 
Signal proportional to an imbalance between the first 
and Second capacitances, 

a comparator for comparing the Signal to a reference 
Signal and providing an output, 

a display for indicating the location of an object behind a 
wall lining, 

a controller for receiving the output and providing an 
indication of the object location on the display, 

a user Selection means for Selecting the reference Signal 
for the comparator. 

11. The device of claim 10 wherein the user selection 
means is a push button. 

12. The device of claim 10 wherein the detection circuit 
includes an amplifier having a gain, and the device further 
includes a Second user Selection means for Selecting the gain 
for the amplifier. 

13. A method of detecting objects behind a wall lining 
including: 

providing a Sensor including at least two resistors, a first 
capacitor and a pair of Second capacitors in electrical 
communication to provide two resistor-capacitor net 
Works, the two resistor-capacitor networks having 
resistor-capacitor time constants, 

providing a pulse train having a duty cycle and an 
integrator for applying a Voltage to the two resistor 
capacitor networks, 

providing a detection circuit and controller for detecting 
an imbalance in the resistor-capacitor time constants, 
and 

Sensing an imbalance in the resistor-capacitor time con 
Stants and manipulating the duty cycle to ameliorate the 
imbalance. 

14. The method of claim 13 further including sensing a 
Second imbalance in the resistor-capacitor time constants 
caused by an object behind a wall lining and displaying a 
Signal proportional to the Second imbalance. 

15. The method of claim 13 wherein the pulse train is 
provided by a Pulse Width Modulator, and wherein the 
integrator is connected to the output of the Pulse Width 
Modulator. 

16. A device for locating an object behind a wall lining 
including: 

a Sensor including a first capacitor and a pair of Second 
capacitors to provide a first and a Second capacitance, 
the Sensor operable to change the first and Second 
capacitances when proximate an object: behind a wall 
lining, 

a detector circuit for detecting an imbalance between the 
first and Second capacitance and providing an output, 

a display for indicating a location of the object, 
a controller for receiving the output and providing an 

indication of the object location on the display, and 
wherein 

the pair of Second capacitors are in electrical commu 
nication and positioned So that in use the pair of 
Second capacitors are above and below the Sides of 
the first capacitor. 
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17. The device of claim 16 wherein the first capacitor 
plate and the pair of Second capacitor plates are formed on 
a Printed Circuit Board. 

18. A device for locating an object behind a wall lining 
including: 

a Sensor comprising a first capacitor having a first capaci 
tance and a pair of Second capacitors having a Second 
capacitance, the pair of Second capacitors being posi 
tioned on opposite sides of the first capacitor, 

a detector for providing a Signal proportional to an 
imbalance between the first and Second capacitances, 

a reference circuit for providing a reference, 
a comparator for comparing the Signal to the reference 

and providing an output, 
a display for indicating the location of the object, 
a controller for receiving the output and providing an 

indication of the object location on the display, and 
an input device for allowing a user to vary the reference 
between two or more values. 

19. The device of claim 18 wherein the two or more 
values are optimised for two or more wall lining thicknesses 
Selected from /3, 5/8, 34, 1, 1/4 and 1% inches. 

20. The device of claim 18 wherein the reference circuit 
comprises a Voltage divider having a plurality of resister 
elements connectable in parallel, the input device causing 
difference ones of the resister elements to be connected in 
parallel. 

21. A device for locating an object behind a wall lining 
including: 

a first capacitor having a first capacitance, 
a pair of Second capacitors having a Second capacitance, 

the pair of capacitors being positioned on opposite 
Sides of the first capacitor, 

a first detection circuit coupled to the capacitors for 
providing a first Signal proportional to an imbalance 
between the first and Second capacitances, 

a Second detection circuit coupled to the capacitors for 
providing a Second Signal proportional to a alternating 
Signal induced in the capacitors, 

a display for indicating the location of the object, and 
a controller for receiving the first or Second signals and 

providing an indication of the object location on the 
display. 
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22. The device of claim 21 further including selection 
means for indicating to the controller which detection circuit 
is in use and to output to the display. 

23. The device of claim 22 wherein the device further 
includes a ferrite core with at least two windings and a third 
detection circuit coupled to one of the windings for detecting 
a change in Voltage of the windings, and Selection means for 
indicating to the controller which detection circuit is in use 
and to output to the display. 

24. The device of claim 23 wherein the selection means is 
a push button Switch operable by a user. 

25. The device of claim 23 wherein the selection means is 
a first push button operable by a user for selection between 
the first and Second detection circuits and a Second push 
button operable by the user for selection of the third detec 
tion circuit. 

26. The device of claim 23 wherein the selection means is 
a first push button operable by a user for selection between 
the first and third detection circuits and a Second push button 
operable by the user for Selection of the Second detection 
circuit. 

27. The device of claim 23 wherein the third detection 
circuit includes means for allowing current flow in two 
directions through the windings. 

28. The device of claim 26 wherein the means for 
allowing current flow in two directions through the windings 
includes a diode and transistor. 

29. The device of claim 26 wherein the means for 
allowing current flow in two directions through the windings 
includes back-to-back transistors. 

30. A device for locating an object behind a wall lining 
including: 

a first capacitor having a first capacitance, 
a pair of Second capacitors having a Second capacitance, 

the pair of capacitors being positioned on opposite 
Sides of the first capacitor, 

a ferrite core with at least two windings, 
a first detection circuit coupled to the capacitors for 

providing a first signal proportional to an imbalance 
between the first and Second capacitances, 

a Second detection circuit coupled to one of the windings 
for detecting a change in Voltage of the windings, 

a display for indicating the location of the object, and 
a controller for receiving the first or Second signals and 

providing an indication of the object location on the 
display. 


